a b s t r a c t
Patients with basal ganglia (BG) pathology are consistently found to be impaired on rule-based category learning tasks in which learning is thought to depend upon the use of an explicit, hypothesis-guided strategy. The factors that influence this impairment remain unclear. Moreover, it remains unknown if the impairments observed in patients with degenerative disorders such as Parkinson's disease (PD) are also observed in those with focal BG lesions. In the present study, we tested patients with either focal BG lesions or PD on two categorization tasks that varied in terms of their demands on selective attention and working memory. Individuals with focal BG lesions were impaired on the task in which working memory demand was high and performed similarly to healthy controls on the task in which selective-attention demand was high. In contrast, individuals with PD were impaired on both tasks, and accuracy rates did not differ between on and off medication states for a subset of patients who were also tested after abstaining from dopaminergic medication. Quantitative, model-based analyses attributed the performance deficit for both groups in the task with high working memory demand to the utilization of suboptimal strategies, whereas the PD-specific impairment on the task with high selective-attention demand was driven by the inconsistent use of an optimal strategy. These data suggest that the demands on selective attention and working memory affect the presence of impairment in patients with focal BG lesions and the nature of the impairment in patients with PD.
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The role of the basal ganglia (BG) in category learning has been the subject of considerable study. Patients with BG pathology such as Parkinson's disease have been found to be impaired on category learning tasks, but the underlying nature of the deficit has not been well-characterized. Two consistent findings stand out in this literature. First, BG dysfunction impairs learning on rule-based, category learning tasks-i.e., categorization tasks where learning entails the use of an explicit, hypothesis-guided strategy (see Ashby & Maddox, 2005; Price, Filoteo, & Maddox, 2009; Seger, 2008 for reviews). Second, the magnitude of this impairment is related to the demands on selective attention (Filoteo, Maddox, Ing, & Song, 2007; Filoteo, Maddox, Ing, Zizak, & Song, 2005) .
The results of these neuropsychological studies fit well with a number of neurocomputational models that emphasize the role of the BG in category learning (e.g., Ashby, Alfonso-Reese, Turken, & Waldron, 1998; Frank, 2005; Moustafa & Gluck, in press ). For instance, the COVIS model of Ashby and colleagues posits that a hypothesis-testing system that involves working memory and * Corresponding author. Tel.: +1 207 581 037;fax: +1 207 581 6128.
E-mail address: shawn.ell@umit.maine.edu (S.W. Ell). cognitive control processes is specialized to mediate learning in rule-based tasks. In the current instantiation of the model, the caudate nucleus plays a critical role in maintaining the current rule and dopamine facilitates the selection and modification of rules in response to corrective feedback.
The neuropsychological evidence in support of BG-based computational models of category learning comes, predominantly, from studies involving patients with Parkinson's disease (PD). An alternative approach is to evaluate the performance of individuals with focal lesions of the BG. While the number of such studies is small, the results have shown that these patients are impaired on rule-based categorization tasks (Ell, Marchant, & Ivry, 2006; Keri et al., 2002; Swainson & Robbins, 2001) . No studies, however, have directly compared the performance of patients with focal BG lesions and patients with PD on the same set of rulebased, category learning tasks. One goal of the present study was to systematically investigate the performance of patients with focal basal ganglia lesions, comparing them to patients with PD on rulebased categorization tasks. Given the importance of dopamine in neurocomputational models of rule-based category learning, we also investigated the extent to which PD patient performance is dependent upon dopaminergic medication.
